Purpose To establish an index to predict ART outcomes and to identify infertile patients who need LH supplementation during ovarian stimulation. Methods Serum LH concentrations were measured during the mid-and late-follicular phase in 86 normogonadotropic infertile patients who underwent ART treatment using GnRH-agonist long protocol with recombinant-FSH. The relationships between serum LH concentrations at both time points and ART outcomes were retrospectively analyzed, and the relationships between the ratio of late-follicular to mid-follicular LH concentrations and ART outcomes were also evaluated. Results There were no significant correlations between the mid-or late-follicular LH concentrations and ART outcomes. The ratio of late-follicular to mid-follicular LH concentrations <1.0 was considered the relatively LH decreased group (RD group) and ratio≥1.0 was considered the relatively LH increased group (RI group). The number of usable embryos in RD group was similar to that in RI group, but the pregnancy and implantation rates in the RD group (9.7% and 5.8%) were significantly lower than those in the RI group (31.1% and 17.2%; p<0.05). Conclusions Relatively decreased LH concentrations during ovarian stimulation using GnRH-agonist long protocol with rec-FSH had a negative effect on ART outcomes. Therefore, the ratio of mid-to late-follicular phase LH concentrations is suggested to be an efficient index to identify patients who might benefit from LH supplementation.
Introduction
In the mid-1980s, gonadotrophin-releasing hormone (GnRH) agonists were introduced to assisted reproductive technology (ART) to allow for ovarian stimulation while successfully circumventing the problems associated with premature LH surge [1] . This down-regulation protocol was termed "GnRH agonist long protocol." The GnRH agonist long protocol is used for ovarian stimulation following treatment with human menopausal gonadotropin (HMG), which contains equal amounts of FSH and LH activity. Use of this GnRH agonist long protocol subsequent to HMG treatment is employed worldwide. Since its approval inwhich have no LH activity, are the primary gonadotropin used for ovarian stimulation in GnRH agonist long protocols. Consequently, the role of LH in ovarian stimulation induced by rec-FSH during treatment with the GnRH agonist long protocol is of interest.
Circulating concentrations of endogenous LH are reduced in women treated with GnRH agonist long protocols that use rec-FSH for ovarian stimulation. Recently, the effect of LH on follicular maturation and pregnancy outcome during the course of ovarian stimulation has drawn increasing attention in the field of ART [3, 4] . LH concentrations during ovarian stimulation with rec-FSH as part of a GnRH agonist long protocol were substantially lower than those observed during natural cycles and during ovarian stimulation without GnRH agonists. Several investigators have examined the relationship between serum LH concentrations and ovarian/IVF outcome resulting from ovarian stimulation with rec-FSH in a GnRH agonist long protocol with rec-FSH [5] [6] [7] [8] [9] . A recent systematic review of studies investigating an association between endogenous LH concentrations during ovarian stimulation with GnRH agonists failed to detect a significant negative effect of low endogenous LH concentrations on viable pregnancies after 12 weeks of gestation [4] .
However, the need for LH supplementation in women being treated with a GnRH agonist long protocol using rec-FSH is a controversial issue. Several studies have indicated that the use of recombinant LH in women undergoing GnRH agonist/rec-FSH therapy has variable benefits in certain patient populations [10, 11] . Unequivocal LH cutoff values that identify patients who require supplemental LH were not determined in previously published studies. Thus, an efficient index to identify these patients is needed.
Thus, the object of the present study was to establish an index, based on ART outcomes, which identifies the patients who need LH supplementation during ovarian stimulation. To accomplish this goal, serum LH concentrations were measured in the mid-and late-follicular phases in patients treated for infertility with a GnRH agonist long protocol using rec-FSH.
Materials and methods

Patients and ovarian hyperstimulation
Eighty-six normogonadotrophic patients who underwent ART treatment at the division of Reproductive Medicine, Department of Perinatal Medicine and Maternal Care, National Center for Child Health and Development between October 2006 and October 2007 were recruited to participate in this study. Informed consent was obtained from all patients and the study was approved by the Institutional Review Board of the National Center for Child Health and Development.
All treatment cycles (n=100) in the 86 patients were hyperstimulated with a GnRH agonist long protocol using rec-FSH according to our previous reports [12] . Briefly, ovarian hyperstimulation with the GnRH agonist protocol was performed as follows: 600 μg per day of buserelin acetate (Buserecur, Fuji Pharma, Tokyo) was administered intranasally starting in the midluteal phase of the pretreatment cycle and was continued until the day of human chorionic gonadtropin (hCG) injection. On days three and four of the menstrual cycle, 225 International Units (IU) of rec-FSH (Follistim, Organon, Osaka, Japan) were administered; 150 IU rec-FSH were administrated on subsequent days until a dominant follicle reached 16 mm in diameter. In our stimulation protocol, the daily dosage of rec-FSH did not alter follicle growth or previous poor ovarian response. Oocyte retrieval was performed 35 hours after administration of 10,000 IU of hCG.
IVF/ICSI procedure and embryo transfer
The IVF procedure used in this study has been previously described [13] . Oocytes were retrieved transvaginally using a needle-guided technique, aided by ultrasonography. All follicles with a mean diameter of >15 mm were aspirated individually, using an 18-gauge needle connected to a tube and a 20-ml syringe for suction. The needle was removed after the aspiration of each follicle. The aspiration was interrupted and a new syringe was used if blood appeared in the tube connected to the syringe, thus avoiding contamination by blood. Culture media was not used to wash the follicle. Semen was produced by masturbation and, after washing, motile sperm were separated using a 30-60 min swim-up period. In vitro insemination was performed by incubating each oocyte with 50-100×10 3 motile sperm within 5-6 h of collection. In vitro insemination was not performed when there was evidence of male factor infertility, rather intracytoplasmic sperm injection (ICSI) was performed according to a previous report [14] . Oocytes were examined using a dissecting microscope 16-18 h after insemination or ICSI. The presence of two pronuclei with extrusion of the second polar body was taken as evidence of successful fertilization.
Embryos were replaced transcervically into the patient's uterus 72 hours after insemination or ICSI. The number of transferred embryos was no more than two to prevent multiple pregnancies. On day 1, 4 and 7 following embryo transfer (ET), 3,000 IU hCG were injected for luteal support. A combination of estrogen and progesterone was administered orally for 10 days after ET. Hydoxyprogesterone caproate instead of hCG was given every 4 days to patients at elevated risk of developing ovarian hyperstimulation syndrome.
Hormone assays and comparison of ART parameters Serum FSH, LH and estradiol (E2) concentrations were measured on the fifth day after the start of ovarian stimulation (mid-follicular phase) and on the day of hCG administration (late follicular phase). Measurement of serum LH was done using a chemiluminescent microparticle immunoassay (ARCHITECT LH®; Abbott Japan, Tokyo) and the results were expressed as IU/l. The lower limit of detection for LH was 0.07 IU/l, and the inter-and intraassay coefficients of variation were 2.1% and 3.3%, respectively.
The embryos that met the following criterion were defined as usable embryos: developed to at least the 8-cell stage with less than 15% fragmentation on day 3 following oocyte retrieval. Pregnancy was defined as the presence of an intrauterine gestational sac by transvaginal ultrasonography 21 days after oocyte retrieval. Miscarriage was defined as a pregnancy that was lost before 22 weeks of gestation.
Indices evaluated based on ART outcome
The following indices were evaluated by examining their relationship between ART outcomes and mid-follicular LH concentrations, LH concentrations on the day of hCG administration and the ratio of late-follicular to midfollicular LH concentrations. The LH ratio was calculated as the late-follicular phase LH concentration divided by the mid-follicular phase LH concentration.
Statistics
All data are presented as the mean±SEM (standard error of the mean). Significant differences were determined using unpaired t-tests and the chi-square test.
Results
The characteristics and ART outcomes of the patients who underwent ovarian hyperstimulation using the GnRHagonist long protocol with rec FSH are summarized as follows. The indications for ART treatment included tubal factor infertility (19.8%), unexplained infertility (45.3%), endometriosis (15.1%) and the male factor infertility (19.8%). Most of male factor infertility cases were treated by using ICSI. The mean age and previous ART attempts were 38.5±0.4 years old and 1.9±0.1, respectively. The duration of stimulation and the average gonadotrophin dose administered until oocyte retrieval were 10.0±0.2 days and 1,710±35 IU, respectively. The numbers of retrieved oocytes, fertilized oocytes and transferred embryos were 8.1±0.5, 4.8±0.4 and 1.7±0.1, respectively. In 92 of 100 cycles embryo transfer (ET) was performed between the third and fifth days after oocyte retrieval. Twenty-two pregnancies were produced in 92 ET cycles, cycles, but 7 pregnancies resulted in miscarriage. The pregnancy rate per ET and implantation rate were 23.7% and 13.7%, respectively.
The treatment cycles were classified into three groups based on LH concentration in the mid-follicular phase as follows: LH≥1.2 comprised the high LH group (H group); 1.2>LH≥0.6 constituted the intermediate LH group (IM group); and, cycles 0.6<LH made up the low LH group (L group). The cut-off values were selected based on a previously published study that defined a low LH concentration to be <1.2 IU/l [15] . The ART outcomes for each group are summarized in Table 1 . The number of stimulated cycles in the H, IM and L groups were 15, 53 and 32, respectively. The duration of stimulation and the dosage of rec-FSH were comparable among the 3 groups. In addition, the other parameters were similar among groups, except for age. The subjects in the group H were significantly younger than those in other two groups (p<0.05). ART outcomes did not differ among patients with low, intermediate and high mid-follicular LH concentrations. Hence, mid-follicular LH concentrations appeared unrelated to ART outcome. Alternatively, the treatment cycles were classified into the three groups described above, but using late-follicular phase, rather than mid-folicular phase, LH concentrations. The ART outcomes for the three groups are summarized in Table 2 . The pregnancy rates in the H, IM and L groups were 30.8, 21.7 and 20.0, respectively, with no significant differences among three groups. Likewise, there were no differences in ART outcomes among the groups. Therefore, LH concentrations in the latefollicular phase do not appear to predict ART outcomes.
The treatment cycles were divided into two groups based on the LH ratio: cycles with an LH ratio<1.0 were considered the relatively decreased LH group (RD group); and cycles with an LH ratio≥1.0 comprised the relatively increased LH group (RI group). The duration of stimulation and dose of rec-FSH were similar in both groups, as were the numbers of retrieved and fertilized oocytes ( Table 3 ). The number of usable embryos in the RD group was also similar to that in the RI group. However, in the RD group only three pregnancies were produced in 31 ET cycles and the pregnancy rate per ET was 9.7%, and this was significantly lower than that in the RI group (31.1%, p<0.05). Consequently, the implantation rate in the RD group (5.8%) was also significantly lower than that in the RI group (17.2%, p<0.05). In the RD group 1 pregnancy was miscarried and the miscarriage rate resulted in high percentage, but there was no significant difference in miscarriage rate between the two groups according to the small number.
Discussion
There is no consensus regarding the lower limit of LH, below which a reduced outcome is observed. Although the criteria for severe LH deficiency has been previously set at 1.2 IU/l [10, 16] , LH deficiency during ovarian hyperstimulation remains to be defined. Moreover, the majority of LH assays used in previous studies had low sensitivity; therefore, LH concentrations≤1.0 IU/l were not detectable [3, 10] . However, the high-sensitivity LH assay used in this study indicated that the lower limit of LH detection was 0.07 IU/l. Thus, the high-sensitivity LH assays a more detailed analysis of the relationship between low serum LH concentrations and ART outcomes.
In this study, the treatment cycles were classified into three groups based on mid-and late-follicular phase LH concentrations. A low LH concentration has been defined previously as <1.2 IU/l [15] . There was no relationship among late-follicular LH concentrations and ART outcomes (Table 2) , similar to previous reports [5] [6] [7] [8] [9] . In addition, the results of this study also indicated that there were no differences among groups with low, intermediate or high mid-follicular phase LH concentrations and ART outcomes (Table 1) . Based on these results, ART outcomes could not be predicted by LH concentrations measured at one time point. The inability of single time point LH values to predict ART outcomes is likely due to sensitivity of the pituitary gland to GnRH-agonist and to the large interindividual variation in the magnitude of the GnRH agonist induced down-regulation of the pituitary gland.
In contrast to the single time point measurements of LH concentrations, the ratio of late-follicular to mid-follicular LH concentrations was used to evaluate the change of LH concentration during ovarian stimulation. The ratio was calculated as the late-follicular concentration divided by the mid-follicular LH concentration. An LH ratio≥1.0 indicated that the LH concentration was greater than the LH concentration during the mid-follicular phase, reflecting the change in LH concentration during ovarian stimulation. In this study, approximately 30% of stimulated cycles showed a relative decrease in LH concentration (LH ratio<1.0). ART parameters, such as duration of stimulation, required gonadotrophin doses, numbers of retrieved, fertilized oocytes and usable embryos in this group, were similar between the two groups. However, the pregnancy and implantation rates were significantly lower in the RD group compared with the RI group. Thus, based on these two ART outcomes, the ratio of late-follicular to mid-follicular phase LH concentrations predicted ART outcomes. Thus, it appeared that a relative decrease in LH concentrations during the late-follicular phase might impair follicular development. Similar to the results of the present study, a recent investigation found that a relative reduction in midfollicular LH concentrations during treatment with the GnRH agonist long protocol lead to reduced live birth rates [17] . That study, compared LH concentrations measured on the day before ovarian stimulation and during the midfollicular phase. Because the effects of LH are more important during the late follicular phase than during midfollicular phase, changes in LH concentrations from mid-to late-follicular phase are more meaningful than those between the early and mid-follicular phases.
Why did this difference occur? It has been suggested that the residual endogenous LH remaining during GnRHagonist induced down-regulation of the pituitary may be sufficient to achieve adequate follicular maturation during ovarian stimulation with recombinant FSH preparations in most clinical cases. Nevertheless, it is also possible that in some cases GnRH agonist induced down-regulation may result in profound suppression of LH concentrations with an adverse effect on steroidogenesis and oocyte quality, thereby negatively impacting IVF outcome.
All patients in this present study were treated under the same GnRH agonist long protocol and, therefore, received the same dose of GnRH-agonist nasal spray and were similarly stimulated with rec-FSH. There is no theoretical explanation for our findings which show various LH concentrations during the ovarian stimulation using GnRH-a long protocol with rec-FSH. We compared the FSH and estradiol concentrations between the RD and RI group, but these concentrations of each group showed similar (data not shown), because the dosage of rec-FSH during ovarian stimulation and the number of retrieved oocytes were similar in both group. We hypothesize the following explanation for our results. During follicle development, serum estradiol concentrations are elevated by ovarian stimulation, inducing increased GnRH secretion from the hypothalamus. GnRH-receptors on the pituitary gland that were not suppressed by the GnRH-agonists might be stimulated, as a result, LH concentrations on latefollicular phase might be elevated. That is to say, inadequate estradiol elevation caused by inadequate follicular growth during the ovarian hyperstimulation, especially from the mid-follicular to late-follicular phases would result in a decline in LH concentrations. If this hypothesis is correct, these patients require LH supplementation during later ovarian stimulation.
Recently, several reports demonstrating beneficial effects of exogenous rec-LH supplementation during ovarian stimulation on ART outcomes have been published. [10, 11, 18] . The authors of these studies noted that the calibrated LH administration improved ovarian outcome in specific patient populations: patients >35 years of age, patients with an abnormal initial ovarian response to rec-FSH; and, in women with a poor prognosis treated with GnRH antagonists. Many researchers have attempted to identify an index to easily detect patients who need LH supplementation, but, to date, no such index has been established. Based on the results of the present study, we propose that the LH ratio can be used to easily identify patients who need LH supplementation. Additional studies are needed to determine whether LH supplementation in patients with a relative decrease in LH during ovarian stimulation with rec-FSH as part of a GnRH-agonist long protocol improves ART outcome. Should a beneficial effect of LH supplementation be demonstrated, the optimal number of doses also should be investigated. These questions are currently under investigation by our research group.
In conclusion, a relative decrease in the LH concentration (LH ratio<1.0) during ovarian stimulation with rec-FSH in a GnRH-agonist long protocol negatively affected the ART outcomes. This ratio could easily be used to identify patients who need LH supplementation during ovarian stimulation. Our next study aims to develop an effective LH supplementation protocol for patients who exhibited a relative decrease in LH concentrations from the mid-to late-follicular phase. 
